Background and Purpose-Poststroke cognitive decline causes disability. Risk factors for poststroke cognitive decline independent of survivors' prestroke cognitive trajectories are uncertain. Methods-Among 22 875 participants aged ≥45 years without baseline cognitive impairment from the REGARDS cohort (Reasons for Geographic and Racial Differences in Stroke), enrolled from 2003 to 2007 and followed through September 2015, we measured the effect of incident stroke (n=694) on changes in cognitive functions and cognitive impairment (SixItem Screener score <5) and tested whether patient factors modified the effect. Median follow-up was 8.2 years. Results-Incident stroke was associated with acute declines in global cognition, new learning, verbal memory, and executive function. Acute declines in global cognition after stroke were greater in survivors who were black (P=0.04), men (P=0.04), and had cardioembolic (P=0.001) or large artery stroke (P=0.001). Acute declines in executive function after stroke were greater in survivors who had <high school education versus college graduates (P=0.01). Incident stroke was associated with faster declines in global cognition and executive function but not new learning or verbal memory compared with prestroke slopes. Faster declines in global cognition over years after stroke were greater in survivors who were older (P<0.01), resided outside the Stroke Belt (P=0.005), or had cardioembolic stroke (P=0.01). Faster declines in executive function over years after stroke were greater in survivors who were older (P<0.01) or lacked hypertension (P=0.03). Conclusions-Incident stroke alters a patient's cognitive trajectory, and this effect is greater with increasing age and cardioembolic stroke. Race, sex, geography, and hypertension status may modify the risk of poststroke cognitive decline. 
W
hether risk factors contribute to poststroke cognitive decline (PSCD) independent of prestroke cognitive decline is controversial. 1, 2 For example, older age and fewer years of education seem to increase the risk of PSCD 2 ; however, because most studies lack a description of the trajectory of cognitive decline before the stroke, it is not clear how (or if) the stroke modified a process that was already underway. We previously showed that stroke is associated with an acute decline in cognitive function and also accelerated and persistent cognitive decline over years. 3 However, most studies of risk factors for PSCD have not measured both of these cognitive changes. Identifying risk factors for PSCD may suggest potential mechanisms, future research directions, and at-risk groups to target with interventions. We determined the sociodemographic, geographic, medical, and behavioral predictors of PSCD in a large, geographically dispersed, race-and sex-balanced sample controlling for prestroke cognitive trajectories. Blacks, women, rural adults, and Stroke Belt residents may have greater risk of PSCD owing to higher rates of diabetes mellitus 4 and recurrent stroke, 5 more
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severe strokes and cardioembolic strokes, 6, 7 greater burden of cerebrovascular pathology (eg, white matter hyperintensity and subclinical atherosclerosis), 8, 9 and lower educational attainment. 5 Vascular risk factors, their treatment, or behavioral factors may contribute to PSCD through pathways of oxidative stress, inflammation, and endothelial dysfunction independent of stroke, but this is controversial. 1, 2, 10 We examined 4 research hypotheses: an increased risk of PSCD will be associated with (1) older age and lower educational attainment; (2) black race, female sex, rural location, and Stroke Belt residence; (3) histories of hypertension, diabetes mellitus, and high cholesterol; and (4) physical inactivity and current cigarette smoking. We also examined the influence of stroke type (hemorrhagic versus ischemic) and ischemic stroke subtype on PSCD. 2 
Methods
Study Design, Participants, and Measurements
Study protocol is available at http://www.regardsstudy.org. Statistical code is available through written agreement with authors from Dr Levine (e-mail: deblevin@umich.edu). Data set is available through a data use agreement with University of Alabama at Birmingham (e-mail: regardsadmin@uab.edu). REGARDS (Reasons for Geographic and Racial Differences in Stroke) is a prospective cohort study of 30 239 non-Hispanic black and white individuals ≥45 years of age examining regional and racial influences on stroke mortality. 11 Details are described elsewhere 11, 12 and in the online-only Data Supplement.
Participants or their proxies were followed every 6 months by telephone with retrieval of medical records for reported hospitalizations. For this study, we followed participants from recruitment (2003) (2004) (2005) (2006) (2007) through September 30, 2015. To control for prestroke cognition, we required participants to have ≥1 cognitive outcome measurement and participants with incident stroke to have ≥1 cognitive measurement after stroke. We excluded participants with baseline moderate-to-severe cognitive impairment, including dementia, defined as a Six-Item Screener (SIS) score <5. 13 The study was approved by the institutional review boards of all participating institutions, and all participants provided written informed consent.
Cognitive Function Assessments
Formally trained technicians administered cognitive function tests longitudinally by telephone, including (1) the SIS (primary outcome; score range, 0-6) measured global cognition annually starting in 2003 13 and (2) a battery of 3 cognitive tests (secondary outcomes) measured biannually starting in 2006 that included the Consortium to Establish a Registry for Alzheimer's Disease Word List Learning (new learning; score range, 0-30), Word List Delayed Recall (verbal memory; score range, 0-10), and Animal Fluency Test (AFT; executive function; score range, >0; online-only Data Supplement). 14, 15 These cognitive measures can be measured reliably and precisely by telephone, [16] [17] [18] are included in the vascular cognitive impairment harmonization standards, 19 and have been validated in blacks and whites. 13, 20, 21 For all cognitive tests, higher scores indicate better performance.
Measurement of Incident Stroke
Physician experts adjudicated incident strokes using published guidelines and reviewed medical records, death certificates, and additional sources (online-only Data Supplement). 11, 22 Strokes were classified as hemorrhagic or ischemic (subtypes: cardioembolic, large vessel disease, small vessel disease, other, and unknown).
Statistical Analysis
Descriptive characteristics were compared by incident stroke status. Linear mixed-effects models measured changes in cognitive scores over time and included the following: random effects for intercept and slope; covariates, including baseline score, for each cognitive outcome (Table 1) ; time as years from the date of the first measurement of the cognitive outcome; a time-varying covariate to estimate the effect of incident stroke on the acute decline in cognitive function at the time of the event (change in intercept); and a time after stroke covariate to estimate the effect of incident stroke on the rate of change in cognitive function (change in slope).
3 Figure I in the online-only Data Supplement shows the conceptual model. We censored each cognitive outcome at the time of second incident stroke, death, loss to follow-up, or the end of follow-up.
We tested whether the set of risk factors for each hypothesis modified the effect of stroke on the intercept and slope of cognitive trajectories using interaction terms and the likelihood ratio test. If the addition of a set of interaction terms for a hypothesis significantly improved model fit, then we tested whether each individual risk factor in the set modified the effect of stroke on the intercept and slope of cognitive trajectories. We also estimated the odds of incident cognitive impairment (SIS <5/impaired versus ≥5/unimpaired) 13 using generalized, linear mixed-effects models for a binary outcome and allowing a participant's cognitive impairment to vary over time.
We calculated participant-specific (conditional) predicted values for each cognitive score and participant-specific predicted probabilities of incident cognitive impairment during follow-up time for a black woman with covariate values that were representative for the Stroke Belt population because it had a higher risk of cognitive decline relative to the remaining population. Random effects for this prediction were set to zero.
Statistical significance for all analyses was a 2-sided, adjusted P value <0.05. We report nominal P values, unless stated otherwise. All analyses used STATA software, version 14.1 (Stata Corporation, College Station, TX).
Results
The study sample included 22 875 participants, 694 of whom experienced expert-adjudicated incident stroke (637 ischemic, 55 hemorrhagic, and 2 of undeterminable type) during a median follow-up of 8.2 years (interquartile range, 6.0-10.1 years). Figure II in the online-only Data Supplement shows the derivation of the cohort. Table I in the online-only Data Supplement compares characteristics between included and excluded participants. Table II in the online-only Data Supplement presents baseline characteristics of study participants.
Participants had a median of 7 SIS tests (interquartile range, 4-9 tests) and a median of 2 3-test batteries (interquartile range, 1-3 tests). Because the secondary outcome measures were introduced during follow-up and performed less frequently, the word list learning analysis included 12 955 participants, the word list delayed recall analysis included 12 738 participants, and the AFT analysis included 13 792 participants. Linear mixed-effects models included a random intercept, a random slope, time from baseline, and adjusted for time-varying incident stroke, time since incident stroke, and baseline values of cognitive scores, age, sex, race, education, region, urban/rural status, income, cigarette smoking, body mass index, waist circumference, hypertension, diabetes mellitus, hyperlipidemia, physical activity, self-reported history of stroke, depressive symptoms, alcohol use, and self-reported health status. AFT indicates Animal Fluency Test; CI, confidence interval; and SIS, Six-Item Screener. We calculated participant-specific (conditional) predicted values for each cognitive score during follow-up time for a black woman living in the Stroke Belt conditional on her experiencing or not experiencing an incident stroke midway through the follow-up period (at year 4 for Six-Item Screener [SIS] and at year 3 for secondary outcomes). Random effects for this subject-specific prediction were set to zero. Refer to Table 1 Values of covariates at baseline were some college education, Stroke Belt residence, income $20 000 to $34 999, never smoker, no alcohol use, systolic blood pressure of 120 mm Hg, no diabetes mellitus present, waist circumference of 95 cm, no self-reported stroke, 4-item Center for Epidemiological Studies-Depression score of 0.9 points, fair health status, body mass index overweight, mixed urban/rural area, physical activity 1 to 3 per week, no hypertension, no diabetes mellitus, no hyperlipidemia, and SIS score of 5 points for SIS prediction and AFT score of 17 points for AFT prediction (mean baseline cognitive scores).
Effect of Age and Education
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M1 for AFT; Table 1 ). However, education did not modify the effect of stroke on the slope of executive function (P=0.62). Changes in new learning and verbal memory after stroke did not vary by age and education (Table III in the online-only Data Supplement). We also assessed SIS as a binary outcome. The odds of cognitive impairment after stroke were 1.17 (95% CI, 1.06-1.31; P=0.003) greater per each year of follow-up for each 10-year increase in baseline age (age model; Table 2 ; Figure III in the online-only Data Supplement). For a black woman living in the Stroke Belt with average values for all covariates at baseline and stroke at year 4, baseline age of 75 years compared with baseline age of 65 years was associated with greater risk of cognitive impairment: absolute difference in incident cognitive impairment was 8.4% (95% CI, 4.0%-12.7%) at year 4, 12.8% (95% CI, 8.8%-16.7%) at year 6, and 17.7% (95% CI, 12.1%-23.3%) at year 8 ( Table 3) .
Effect of Race, Sex, and Region
Race (P=0.04) and sex (P=0.04) modified the effect of incident stroke on the acute decline (intercept) in global cognition (model M2 for SIS; Table 1 ). The acute decline in global cognition after stroke was greater in blacks compared with whites (adjusted difference in intercept after stroke between blacks and whites, −0.11 points per year; 95% CI, −0.22 to −0.01 points; P=0.04) and greater in men compared with women (adjusted difference in intercept after stroke between men and women, −0.10 points per year; 95% CI, −0.20 to 0.00 points;
P=0.04).
Stroke Belt residence (P=0.005) modified the effect of incident stroke on the change in the slope of global cognition (model M2 for SIS; Table 1 ). Declines in global cognition over the years after stroke were significantly faster in nonStroke Belt residents compared with Stroke Belt residents (adjusted difference in slope after stroke between survivors residing within the Stroke Belt compared with survivors residing outside the Stroke Belt, −0.04 points per year; 95% CI, −0.07 to −0.01 points). The change in the acute decline in global cognition (intercept) after stroke did not differ by region. Changes in new learning, verbal memory, and executive function after stroke did not vary significantly by race, sex, and region. Generalized, linear mixed-effects models for a binary outcome were used for estimating the odds of incident cognitive impairment (SIS<5). Models included covariates from models in Table 1 . CI indicates confidence interval; NA, not available; OR, odds ratio; and SIS, Six-Item Screener. Generalized, linear mixed-effects models for a binary outcome were used for estimating the odds of incident cognitive impairment (SIS<5). We calculated participant-specific (conditional) predicted probabilities of incident cognitive impairment (SIS<5) during follow-up time for the exemplar patient described in the Figure. SIS indicates Six-Item Screener.
Effect of Hypertension, Diabetes Mellitus, and Hyperlipidemia
Hypertension status (P=0.03) modified the effect of incident stroke on the slope of executive function (model M3 for AFT; Table 1 ). Compared with hypertensive survivors, nonhypertensive survivors had significantly faster declines in executive function after stroke (adjusted difference in slope after stroke, −0.58 points per year; 95% CI, −1.12 to −0.04 points; P=0.03; model M3 for AFT; Table 1 ). Changes in global cognition, new learning, and verbal memory after stroke did not vary significantly by presence of hypertension, diabetes mellitus, or hyperlipidemia at baseline.
Effect of Physical Activity and Smoking
Changes in global cognition, new learning, verbal memory, and executive function after stroke did not vary by physical activity and smoking status at baseline (model M4 in Table IV in the online-only Data Supplement for SIS and AFT; Table III in the online-only Data Supplement for word list learning and word list delayed recall).
Effect of Stroke Type and Ischemic Stroke Subtype
Ischemic and hemorrhagic strokes were associated with acute declines in global cognition and faster declines over years, although some results for hemorrhagic stroke were no longer statistically significant (model M5 for SIS; Table 1 ). Among ischemic stroke, cardioembolic and large vessel subtypes were associated with significant acute declines in global cognition (both P<0.001). In the years after cardioembolic stroke, global cognition declined significantly faster than it did before the stroke (P=0.01).
Discussion
In this national cohort of black and white US residents of ≥45 of age, incident stroke accelerates declines in global cognition and executive function during 8 years, and this effect is greater with increasing age. The age-dependent risk for PSCD is over and above the age-associated risk for cognitive decline in those without stroke. The odds of cognitive impairment after stroke were 17% greater per 1 year of follow-up for each 10-year increase in baseline age.
Greater acute declines in global cognition after stroke were observed among stroke survivors who were black, men, and had cardioembolic or large vessel ischemic strokes. Greater acute declines in executive function after stroke were seen in survivors with <high school education. In the years after stroke, global cognition declined significantly faster in survivors who had cardioembolic ischemic stroke or who resided outside the Stroke Belt, and executive function declined significantly faster in survivors without hypertension, compared with prestroke slopes.
Our study has several strengths. We had repeated cognitive measurements over time ≤14 years of follow-up in a cohort and stroke subset of sufficient size to estimate strokerelated changes in cognition and to examine potential effect modification by participant factors. Our work extends previous research because we accounted for prestroke cognitive trajectories. REGARDS systematically measured cognitive domains commonly affected by stroke: global cognition, learning, memory, and executive function. 19 Incident stroke may have a more detrimental effect on the cognitive trajectory of older adults through several mechanisms. Older adults are more likely to have neurodegenerative disease, atrophy, cerebrovascular disease, and comorbidity (eg, atrial fibrillation and other vascular risk factors) than younger adults, and these may amplify brain injury and cognitive deficits. 23, 24 Stroke may exacerbate 25 or induce neurodegenerative disease. 26 Older adults are more likely to have strokes that are severe or cardioembolic, and the latter were associated with faster cognitive decline perhaps because of injury to the middle cerebral artery brain territory. It is also plausible that the older brain is less efficient at generating and operating compensatory mechanisms to support cognitive decline associated with stroke and aging. 27, 28 Although we censored participant's cognitive observations at the time of recurrent stroke, it is possible that older stroke survivors more frequently had subclinical vascular brain injury (eg, microinfarcts or microbleeds) after their index stroke that contributed to subsequent cognitive decline.
Modification of the effect of stroke on changes in cognition by race, sex, region, education, and hypertension history should be interpreted cautiously because we performed multiple comparisons. It is possible that we were unable to detect the effect of stroke on cognition and effect modification because of inadequate power particularly for secondary outcomes (although linear mixed-effects models maximize statistical power); the cognitive tests fail to capture PSCD; and the timing of cognitive measurements 12 to 24 months apart may underestimate early PSCD. The primary outcome was measured using the SIS-a brief cognitive test. Although the Figure seems to show that the exemplar patient age 65 years at baseline may experience deceleration of executive function decline during follow-up time after stroke, these results of a secondary outcome require confirmation.
Although the linear mixed-effect model is an approximation and may not work well at the tails of the distribution, we verified linearity and normality of residual errors assumptions of the model by inspecting residual plots. We did not have information on stroke features (laterality and severity), acute stroke treatments, brain imaging (infarct location and atrophy), incident dementia, or functional impairment. Results are generalizable only to community-dwelling stroke survivors not requiring a proxy respondent (eg, without aphasia). The slight increases in global cognition, new learning, and verbal memory over time before stroke may be attributable to practice effects, selective outmigration of cognitively impaired adults, and healthy survivor effect. Previous analyses that accounted for loss to follow-up or death did not change results. 
Conclusions
Incident stroke alters a patient's cognitive trajectory, and this effect is greater with increasing age and cardioembolic stroke. Race, sex, geography, and hypertension status may modify the risk of PSCD.
